Primary ventricularfibrillation was seen in 20 of 450 consecutive patients (4 4 %) admitted within 24 hours after the onset ofacute myocardial infarction. Compared withpatients withoutprimary ventricularfibrillation, they showed a lower mean age group and a higher incidence of anterior infarction. Waorning ventricular arrhythmias preceded primary ventricular fibrillation in 58 per cent of cases. However, warning arrhythmias were also present in 55 per cent ofpatients without primary ventricularfibrillation. Thefollowing mechanisms of initiation of primary ventricular fibrillation were seen. 1) In one patient, it was initiated by supraventricular premature beats showing aberrant intraventricular conduction. 2) In 2 patients, ventricular tachycardia degenerated into primary ventricular fibrillation. 3) In 17 patients, it was initiated by a ventricular premature beat; in 10 of these, the premature beat showed early coupling (RR'/QT<1-the R-on-T phnomenon). However, ventrcular premature beats showing the R-on-T phenomenon were also observed in 49 per cent of patients without pmary ventilar fibrillation. In 7, primary ventricular fibrllation was initiated by a late-coupled ventricular premature beat (RR'/QT>1); in 2, the very late coupling resulted in a ventricular fusion beat. The study suggests that waring arrhythmias and the R-on-T phenomenon are poor predictors ofprimary ventricularfibrillation in acute myocardial infarction. The observation that 41 per cent ofprimary ventricularfibrillation was initiated by a late-coupled ventricular premature beat suggests that ventricular vulnerability during acute myocardial infarction may extend throughout most of the cardiac cycle and is not necessarily confined to the QT interval.
The concept of ventricular vulnerability was first those extrasystoles exhibiting the R-on-T phenoshown in animal models by Wiggers and Wegria menon. This report examines the role of the (1940) and Wiggers, Wegria, and Pinera (1940) . R-on-T phenomenon in 20 cases of primary venLater, the clinical extrapolation of this concept was tricular fibrillation observed at the Coronary Care highlighted by the phrase 'R-on-T' phenomenon Unit during a 2-year period. In addition, we (Smirk, 1949; Smirk and Palmer, 1960) . However, analysed other electrocardiographic characteristics a few clinical reports (Mounsey, 1967; Stock, of primary ventricular fibrillation and their potential 1970; Lie, Wellens, and Durrer, 1974a ; De Soyza value as predictors of the arrhythmia. A summary of et al., 1974) and some recent experimental observa-this report was recently published in abstract form tions (Scherlag et al., 1974; Williams et al., 1974; (El-Sherif et al., 1975a) . El-Sherif, Scherlag, and Lazzara, 1975b) LDH. The site of old and acute infarction was determined and defined according to criteria as outlined by Lipman and Massie (1965) . Primary ventricular fibrillaResults tion was defined as ventricular fibrillation in the absence of congestive failure, pulmonary oedema, and cardiogenic Age, sex, site of infarction, and outcome shock (Meltzer and Kitchell, 1966; Lawrie et al., 1967) . (Table 1) In all patients, continuous electrocardiographic Of 450 patients with acute myocardial infarction, 20 monitoring was performed, and in several patients these developed primary ventricular fibrillation (4.4%).
data were stored on a 24-hour magnetic tape-recorder The mean age of these patients was 55 years, being using the Holter monitoring system. The first episode of lower than the mean age of 63 years of those primary ventricular fibrillation was always recorded and patientsan.the man ventricular fi tion analysed for the mechanism of initiation. The heart rate patients without primary ventricular fibrillation immediately preceding the arrhythmia was noted. The (P < 0 05). The incidence of fibrillation was slightly prematurity index of the ventricular premature beat greater in patients with anterior myocardial inthat initiated the first and subsequent episodes of pri-farction (12 of 221 patients) than in patients with mary ventricular fibrillation was determined by dividing inferior infarction (8 of 179 patients) (P < 0 1).
the coupling interval of the ventricular premature beat (RR') by the QT interval of the preceding sinus beat.
In the present study, to facilitate description and duction. The first part of panel B of ( Fig. 1) shows Table 2 shows the prematurity index of the two supraventricular premature beats conducted ventricular premature beat that initiated venwith wide QRS followed by two other bizarre tricular fibrillation in the 17 patients. In 10 ventricular beats before the self-termination of patients, the prematurity index was < I (short the arrhythmic episode. The second episode in coupling on R-on-T phenomrenon) (Fig. 3 ).
panel B started with an early-coupled supraSeven patients had a prematurity index of >1 ventricular premature beat which was aber-(long coupling). In two patients, the ventricular rantly conducted and followed by the onset of premature beat that initiated ventricular fibrillaventricular fibrillation. It is difficult to exclude tion was inscribed so late in the cardiac cycle the possibility that more than one supraventrithat it fell after the next P wave, resulting in a cular premature beat was conducted with aberraventricular fusion beat ( (Fig. 5) . Table 4 shows the duration of monitoring before onset of 4 hours from onset of symptoms. The difference is ventricular fibrillation. Except for one patient who statistically significant (P < 0 05).
was monitored for only 30 minutes, patients who The electrocardiograms obtained during the first showed no warning arrhythmias were monitored 24 hours in hospital of 430 patients who did not de-for 1 to 6 hours before the onset of ventricular velop primary ventricular fibrillation were analysed fibrillation. Warning arrhythmias were also present for the presence of ventricular premature beats in 236 out of 430 patients (55%) who did not dewith a prematurity index <1. Ventricular premature velop primary ventricular fibrillation. The beats with prematurity index < 1 showing the R-on-difference between the incidence of warning T phenomenon were found in 210 patients (49%). arrhythmias in patients who developed or did not This was only slightly lower than the incidence develop primary ventricular fibrillation was not of premature beats with prematurity index < 1 in statistically significant. patients who developed ventricular fibrillation (10 The ventricular rates immediately preceding the out of 17 patients-59%). Short coupled ventricular first episode of ventricular fibrillation are shown in premature beats were observed before the onset of the arrhythmia in 5 of the 10 patients in whom fibrillation was initiated by a ventricular premature striking delay of activation in some part of the ventricular myocardium. Some of the antiarrhythmic drugs used in this study may have varying effects on the QT interval Table 5 . Three patients had heart rates less than and coupling intervals of ventricular premature 60/min. In 2 patients this was the result of sinus beats. In 42 per cent of patients antiarrhythmic drugs bradycardia with a rate of 40 to 60/min. The third were not given before the onset of ventricular patient had a 3:1 AV block with an atrial rate of fibrillation because of absence of warning arrhyth-1 10/min after atropine injection. Sinus rhythm with mias. None of the remaining patients with ventricular rates of 60 to 100/min was present in 9 ventricular fibrillation were given procainamide or patients, while 5 patients showed sinus tachycardia quinidine before the onset of the arrhythmia; (100 to 140/min) before ventricular fibrillation. both drugs are known to prolong both the QT interval and coupling intervals (Giardina and Bigger, 1973) . On the other hand, lignocaine seems to have little or no effect on both the QT interval Discussion and coupling intervals (Surawicz and Lasseter, 1970) . This suggests that the drug regimen used The consistent demonstration of supraventricular during the study did not influence the observations premature beats immediately preceding the onset of on the prematurity index of the ventricular preventricular tachycardia and fibrillation episodes in mature beats that initiated primary ventricular the patient whose electrocardiogram is illustrated in fibrillation. Fig. 1 strongly suggests a cause-and-effect relation.
An interesting observation was the limited value However, proof would have required reproducing of warning arrhythmias in predicting the occurrence the ventricular arrhythmia by induced critically of primary ventricular fibrillation. Thus, while timed atrial premature beats, which was obviously warning arrhythmias were present in only 58 per not feasible. This example of ventricular fibrillation cent of patients who developed primary ventricular initiated by supraventricular premature beats repre-fibrillation, similar arrhythmias were also present in sents the first clinical report of its kind in patients 55 per cent of those who did not develop fibrillation. with acute myocardial infarction. Ventricular fibril-Similar observations were previously reported lation induced by supraventricular beats had been (Dhurandhar, MacMillan, and Brown, 1971 ; Lie described in patients with pre-excitation (Dreifus et et al., 1974a) . These observations strengthen the al., 1971). One case has been recently reported in argument for prophylactic therapy against primary which repetitive self-terminating episodes of ventri-ventricular fibrillation once an acute ischaemic cular fibrillation were induced by supraventricular episode is suspected without reliance on the beats in a 35-year-old woman after cardiac surgery presence or absence of warning arrhythmias. This (Sakamoto, Yamada, and Hiejima, 1973) : the approach could be further consolidated if the recent patient had an unexplained bizarre T wave and an preliminary reports (Lie et al., 1974b ; Valentine obviously prolonged QT interval. This is different et al., 1974) of the efficacy of lignocaine in the prefrom the present case where the QT interval was vention of ventricular fibrillation are upheld by only moderately prolonged. Contrary to the obvious subsequent studies. Antiarrhythmic therapy may be rarity of primary ventricular fibrillation initiated by less effective if applied after the onset of warning supraventricular premature beats in patients with arrhythmias. Similar observations have been preacute myocardial infarction, in the experimental viously reported (Dhurandhar et al., 1971; Lie model, properly timed supraventricular premature et al., 1974a) .
The most provocative finding in the present report found that after acute occlusion of a major coronary is the reassessment of the role of the R-on-T vessel in the dog, a ventricular premature beat phenomenon in primary ventricular fibrillation. induced so late in the cardiac cycle to result even in In 7 out of 17 patients'"(41%), it was initiated by a ventricular fusion could induce ventricular fibrillaventricular premature beat with prematurity index tion when the underlying dispersion of ventricular > 1. The demonstration that 41 per cent of fibrilla-activation was great. In the same study, analysis of tion was initiated by $C ventricular premature beat episodes of ventricular tachycardia leading to fibrilwith long coupling (index >1) in addition to the lation showed a progressive increase in the degree finding that premature beats with short coupling of dispersion of ventricular activation of successive (index < 1) were observed in 49 per cent of patients beats, whereas in those self-terminating episodes it who did not develop primary ventricular fibrillation progressively decreased. These observations provide strongly suggests that the R-on-T phenomenon the pathophysiological explanation for the theoremay be a poor predicto Qrof malignant arrhythmias tical question of which beat actually initiated the in the early phases of acute myocardial infarction. fibrillation. Few previous reports have shown that ventricular Our finding that the majority of cases of ventritachyarrhythmias in patients with acute myocardial cular fibrillation initiated by a ventricular premature infarction may be initiated by a ventricular pre-beat with long coupling seem to occur relatively early mature beat that does not fall on antecedent T in the course of acute myocardial infarction as comwaves (Mounsey, 1967; Stock, 1970) . In a recent pared with cases of fibrillation initiated by a short systematic study (De Soyza et al., 1974) , the pre-coupled beat is of some interest. Several in vivo maturity index of a ventricular premature beat was (Scherlag et al., 1974) and in vitro studies (Lazzara, (Lazzara et al., 1973) , coupled ventricular premature beat but rather by a as well as the contribution of enhanced automaticity subsequent beat that has a very short coupling which can trigger non-homogeneous conduction interval. Others avoided this argument by stating (Cranefield, 1973) , are possible factors in late that salvos of ventricular premature beats deterio-primary ventricular fibrillation. rated into ventricular fibrillation (Lie et al., 1974a) . Discretion is always required when data from This argument becomes irrelevant if the first experimental studies are extrapolated to the clinical premature beat that initiates an episode of fibrilla-situation. However, recent experimental studies tion is viewed as an integral part of an underlying offer a satisfactory explanation for the clinical pathophysiological process and represents the first observation that primary ventricular fibrillation can electrocardiographically evident part of this process be initiated by a ventricular premature beat with (El-Sherif et al., 1975b) . The data accrued from long coupling while a ventricular premature beat several recent studies on experimental myocardial with short coupling in other patients with acute infarction (Han, 1969; Waldo and Kaiser, 1973 ; myocardial infarction is not associated with Boineau and Cox, 1973; Scherlag et al., 1974 ; ventricular fibrillation. Both the clinical and experi Williams et al., 1974; El-Sherif et al., 1975b ) have mental observations call for a reassessment of both shed light on the mechanism of initiation of the concept of ventricular vulnerability and the primary ventricular fibrillation in the early stages of R-on-T phenomenon. Though it may be true that, myocardial ischaemia. Some studies (Scherlag in the normal heart, the vulnerable phase may be et al., 1974; Williams et al., 1974; El-Sherif et al., limited to the QT interval, in ischaemia with 1975b) have shown that most of the malignant obvious dispersion of ventricular activation, the ventricular tachyarrhythmias that follow shortly vulnerable phase can extend throughout most of after ligation of a major coronary vessel are initiated the cardiac cycle (Scherlag et al., 1974 ; Williams by a long coupled ventricular premature beat and et al., 1974; El-Sherif et al., 1975b) . Our observanot by one that interrupts the antecedent T wave. tions should not be construed to mean that ventriThis observation is explained by a characteristic cular premature beats with short coupling are not pathophysiological mechanism whereby an increas-clinically significant but rather to point out that the ing dispersion of ventricular activation results in a arrhythmogenic potential in acute myocardial re-entrant tachyarrhythmia (Scherlag et al., 1974 ; infarction is not confined to those extrasystoles El-Sherif et al., 1975b) . Williams et al. (1974) showing the R-on-T phenomenon. Furthermore, at least in our series, the R-on-T phenomenon was a Lie, K. I., Wellens, H. J., and Durrer, D. (1974a 
